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A stent for angioplasty and associated production process 



(57) The stent (1) has surface sculpturing, prefera- 
bly on its outer surface (2) only, constituted, for example 
by microspheres (3), having the function of increasing 
the actual geometric surface area of the stent, of creat- 
ing undercuts and roughness to encourage the applica- 
tion of coatings of active or activataWe agents, as well 
as of improving the attachment of the stent (1) to the 
Wood vessel wall. 
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opIas^arTT' inVenti0n °° nCem8 a * m for 
£S as **«ted method of production 

cate^T "? 8nt a "9 i °P | ««y" * intended to indi- 
cate generally devices intended tor endolumJnal ap^ - 

Branding the stent at the site causes the lumen to 

E1"S % IT, 6 00nSeqUert e " mination <* the 
stenT^ichT, ,Sf T 6UPPOr, 01 *• ,ume " ** the 
7l 2 Hi Place ^"ded. avoids restenosis 
^2** ? 6 due to me Sequent relaxation^ 
Th8USeo,a substantially si 
^^S^^^^^'^emin 
™?, a,readv be 6 " Proposed in the art: naturallv 
^ s P 0854 " 8 extension of the field of applicationTouS 
jMjjj as included the -JJT.JS 

For a general review of vascular stents reference 
may usefully be made to the work «Te*S of mT 
ventonal Cardiology edited by EricTw, w b 
Saunders Company, 1994 and, in partfcular VseLn 
•V of volume ... entitled "Coronary £5? "* 0 " 

Many patent documents have addressed th« «,«k 
en, for example. US-A-4 776 wSTSESoS' 

5! if; 768 507 and US - A "4 503 569 

The implantation of these devices, which is a factor 
-n the treatment of various cardiac dEi£ ^ 
require, a at least gain particular benefit fromTl ™ 
stolity of being able to J^^JS^Z 

£S£Sh1 ^'ent sense) having various end 
£Z? ™ TOy ' ** 8Xa, ^e. be antithrombogenic 
JIT'S? 1 a9ente *e<%^e2ting 
S treated srte due to »» formation of 

erence may usefully be made to the following works: 

oSv^t^ 6 0eveto P m ent of a Drug 
oehyery Stem by R,chard Stack. The Journal of 
We Card.otogy. Vol. 8. n. 8. October igj£ 

"Local Intraluminal Infusion of Biodegradable Polv- 

circulation. 1 996; 94; pp 1441- 1448 
"Local Angiopeptin Delivery Using Coated Stoote 
Reduces Neolntima, Probation £ 

^m 0 ^ ArtefieS " * °e SchreSS 
et a... the Journal of Invasive Cardioloav Vol An 
8. October 1996. pp 215-222. 8 " 

of ^"'f 13 ' ^ems arise from this mode 
o» operation, mostly related to the specific solutions 



adopted. For example, the problem exists of avoidinn 
** a «f« » egems intended tor adminSrafonTn £e 

« rffa^J^ have negative or damaging 

ensuring the permanence and the gradual release ~« 
tone of active substances capabie of bZ asTweT 
washed away by the blood passing toaJ+ZS ' 
to avrtrtl 6 !! Pr0blems ^"o* themselves be solved or 
^l^ r ^ reeto ^er solution such as radic^ 
2* ? w ^e"ed biodegradable stents. TZ- 
tiated tor example, in the work "Biodegradable Stent 

„ Hi r ^^'^f ti0naI Cartictogy. VU. 8 . n. 
oo^^ 39S ^° S - ^oaotive stents publicly pro- 
posed so far give nse to other problems related essen' 
«hat in most cases, their use assumes 
•»*P«I features of radiotherapy a*i/or nucteaW 
«ne. The main disadvantage of biodegradable 
20 * the long ,er m J^ZSX tes ZZ 

Pfetely or substantiaDy degraded, there IsTedu^ 

„ As a further solution for administering various kinds 
* of acbve pnnciple at the stem-irrplantation sitea 
Jon has recently been proposed in which at least a^or- 
6on <* 'he surface of the body of the statin, 

*> a^or^^ ha ^^ b ^^ 
STeSof ewmaSUbs ^<^ertbirx«ngto 

^tha^^ 
^tec^ tor effect 
!L pnncples, it appears irrportant to cttaS. a 
mention on toe stem of mTsub- 
stance or substances with which these active principles 
are assoaated and/or are intended to be assoSf 
In ration to this it is therefore neceSaJ totake 

^eaX 0 ™^^^ 

« «e^2Lr 00 *• 55.72 

^ stent. Conversely, it is usually desirable that the inn- 
surface of the stent teell is as inert asposSj 
both from toe chemical point of view anEw^LS 

X « 0 J? >S iS "L 6 feaSOn ^^entty available vascUar 
a 2 8C,ed to 3 P 0 "'^ P^=ess, imended to 
make the surface of the stent (both inside and outside) 
very smooth. In relation to this, it is also possSetoJn! 

55 a bocorrpatible carbon material (deposited for^«f 

dtret^ofTe^? t6Chnk?UeS) - ^SnfTr a^h 
£ m * .^e^ompatabilHy on the whole stent. 
Adopting th« technique for the deposition of sucha 
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layer, given the very small dimensions of a stent for 
angioplasty, means that it is practically impossible to 
limit the deposition to just the inside surface of the stent. 
Consequently therefore, the entire surface of the stent is 
coated with a layer which, by its nature, makes the dep- 5 
osition of substances on the stent itself, in fact, impossi- 
ble. 

A further factor should not be forgotten: a stent for 
angioplasty is by its nature a heavily apertured struc- 
ture, usually a mesh-like structure in which, especially in 10 
the radially-extended position, the effective surface 
intended to come into contact with the blood vessel wall 
is a small fraction of the theoretical tubular surface area 
defined by the outside of the stent itself. In other words: 
even by putting the other problems described above to is 
one side, there is very little available surface on the 
stent for carrying the active principles intended for local 
delivery. 

The object of the present invention is that of resolv- 
ing the disadvantages described above. 20 

In particular, the solution aocording to the invention, 
having the characteristics referred to in the following 
claims, enables the selective application, specifically to 
the outer surface only of the stent of a completely effec- 
tive quantity of active principle (either directly or in the zs 
form of a receptor capable of binding with a ligand car- 
rying the active principle) without by this losing the pos- 
stoility of having a very smooth surface, at least inside 
the stent, even if clad with coatings such as haemocom- 
patible carbon coatings. 30 

The invention, which concerns a stent as well as 
the associated procedure for the manufacture thereof, 
will now be described with reference to the accompany- 
ing drawings, comprising Figures 1 to 6. which illustrate 
different possible embodiments of the invention. ss 

In all of the accompanying Figures, the reference 
numeral 1 indicates a wall portion of a stent for angi- 
oplasty. By way of example. Figures 1 to 6 can be con- 
sidered as partial views on an enlarged scale of a 
segment of a stent in transverse section. Such a section 40 
is usually circular in shape regardless of whether the 
stent is radially-contracted or radially-expanded. 

The specific details of construction of the stent and. 
in particular, its geometry, are factors which are in them- 
selves clear in the context of the invention and which 
apply regardless of the particular structure of the stent 
This is also substantially true as regards the basic man- 
ufacturing technique (for example, starting from a wire 
or microtube which is then subjected to an operation for 
cutting the apertures, for example, using lasers) and/or 
the material (usually metal) of which the stent is made. 
All of these factors are dealt with in a fairly large volume 
of literature and do not require detailed description here. 

In essence, the invention provides for the formation 
of surface sculpturing on the stent 1 , at least - and pref- 
erably - over a part of. or the whole of the outer surface, 
indicated 2, and having substantially the aim of: 



- increasing the theoretical surface area of the stent 
in order to encourage the application of coatings, 
such as those intended to carry or bind active prin- 
ciples, 

• creating in any case undercuts and roughness so 
as to form anchorage sites for the substances, with- 
out requiring specific surface-adhesion sites, and, 
as a complementary advantage, 

- improving the attachment of the stent to the blood 
vessel wall that is already in the acute phase, spe- 
cifically by preventing relative movements which 
can give rise to micro! esions. 

For clarity, the term "sculpturing" is used to distin- 
guish clearly the surface conformation attributed to the 
stent according to the invention from the degree of sur- 
face (residual) roughness that the surfaces of the stent 
have in any case, even when they have been previously 
subjected, according to convention, to a polishing or fin- 
ishing process. 

By way of example, one such treatment confers 
such a degree of residual roughness on the stent sur- 
faces that the peak-to-trough distances recognisable in 
a theoretical section of the surface in question at right 
angles to the surface itself are not, in any case, greater 
than approximately 2-3 microns. 

The degree of surface irregularity, or sculpturing, 
characteristic of the invention is, instead, such that the 
peak-to-trough distances found in similar conditions are. 
typically approximately 10-20 microns, that is, with the 
possibility of achieving values of an order of magnitude 
even greater than those of the normal surface ffoishing 
of a stent. 

Figures 1 to 6 illustrate, in order of current prefer- 
ence, different techniques that can be used to confer the 
desired degree of sculpturing on the surface 2. 

In particular, Figure 1 concerns the application of 
microspheres 3 formed from the same material (usually 
metaQ as the stent or from different materials with the 
subsequent anchorage of the microspheres (the aver- 
age diameter of which is approximately 10-20 microns) 
using the method known as "hot partial melting ". This is 
a method known in the art and is used, for example, to 
confer a surface appearance approximately similar to 
the surface appearance characteristic of a work-piece 
obtained by sintering the surfaces of mechanical work- 
pieces intended for various purposes. From this one 
understands that such an embodiment can be practised 
also in connection with a stent realized, as a whole, or 
at least in those part(s) corresponding to the surface 
sculpturing, by sintering. 

Figure 2 concerns an embodiment of the arrange- 
ment illustrated in Figure 1 in which, while retaining the 
same typical surface irregularity, irregular-shape gran- 
ules 4 are used in place of the microspheres 3. The 
same remarks made in the foregoing in respect of pos- 
sibly manufacturing the stent, at least partly, by sintering 
apply also in this case. 



3 



EP0850 604 A2 



Figure 3 illustrates a further embodiment based on 
the deposition of a receptor material using, tor example, 
sputtering or plasma spray techniques to form an irreg- 
ular-shape accretion, for example, having a pseudoco- 
lumnar structure. 

From this point of view, the solution according to 
Figure 1 (the application of microspheres) seems to be 
preferred when ft is desired to create undercuts and 
roughness on the surface 2. having a mechanical 
anchorage function and precisely defined geometric 
characteristics which are identified by the (precisely 
determinable) grain size of the microspheres 3. 

Conversely, the arrangement shown in Figure 3 
appears preferable where the objective is to maximise 
the effect of increasing the theoretical surface area that 
is effectively exposed. This latter solution is therefore 
preferred when, for example, it is desired to apply a 
coating to the surface of the stent 1. which coating 
transports and/or is intended to transport active princi- 
ples and is essentially in the form of a monomolecular 
layer. 

The arrangement according to Figure 2 constitutes 
to a certain extent, a kind of intermediate between the 
arrangements of Figures 1 and 3. 

The arrangements to which Figures 1 to 3 refer 
which comprise possible equivalent arrangements, are 
characterised essentially by the fact that the surface 
sculpturing is formed by the application to the surface 2 
of matenal identical with or different from that of the 
stent 1. These arrangements are generally preferred 
when greater or smaller undercut zones are desired on 
the surface 2. 

In any case, objects substantially similar to those 
described at the beginning of this detailed description of 
the invention can be achieved by treating the surface 2 
m ways intended to confer a generally sculpted aooear- 
ance thereon. appear 

In relation to this, Figure 4 illustrates the results 
obtained by subjecting the outer surface 2 to sand-blast- 
ing or shot-Wasting (a term reserved for a treatment 
which - instead of using sand as in sand-blasting - is 
effected using microspheres ("balls! as the ballistic 
agents, for impact with the treated surface) 

Figure 5 illustrates the results of a mechanical scor- 
ing operation (incision or knurling) performed on the 
outer surface 2 of the stent 

Finally, Figure 6 illustrates the results obtained from 
a localized chemical attack (etching) of the surface 2 
This method is effected using a resist material (for 
example, photoresist) which, following exposure 
through masks or polymerisation using laser beams is 
selectively removed from some zones of the surface 2 
so as to enable the attack thereof. The resist tracks 
remaining on the surface 2 are then removed by wash- 
ing. 

This technology is well known in the art (for exam- 
ple, for the manufacture of integrated circuits) and does 
not need to be illustrated in great detail in this context 
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Results substantially similar to those illustrated in 
Figure 5 and, in particular, Figure 6, can also be 
obtained by incision using laser beams, for example 
before or after the operation for cutting the stent struc- 
ture from a blank constituted by a microtube of metal. 

As a rule, all of the solutions illustrated in Figures 1 
to 6. and any equivalents thereto, can apply to stents 
obtained from a metal miaotube. possibly manufac- 
tured totally or partly by sintering, as well as stents 
obtained from a wire, the processes illustrated being 
performed either before or after cutting the tube and/or 
winding the wire. For reasons of manufacturing simplic- 
ity, the applicant has in any case established that it is 
preferred to form the surface sculpturing before cutting 
the tube or winding the wire. 

Claims 

1. A stent for angioplasty including a body (1) of gen- 
erally tubular shape having an inner surface and an 
outer surface (2), the said stent being capable of 
being dilated in use from a radially-contracted posi- 
tion to a radially-expanded position, characterised 
in that it has surface sculpturing (3, 4, 5, 6. 7, 8) on 
at least part of the said outer surface (2). 

2. A stent according to Claim 1, characterised in that 
the said sculpturing (3. 4. 5. 6, 7, 8) is only present 
on the outer surface of the stent the inner surface 
of the stent (1) itself being substantially smooth. 

A stent according to Claim 1 or Claim 2, character- 
ised in that it has a coating of biocompatible carbon 
material, at least on the said inner surface. 

A stent according to any of Claims 1 to 3, character- 
ised in that the said sculpturing has a peak-to- 
trough depth of approximately 1 0-20 microns. 

A stent according to any preceding claim, charac- 
tensed in that the said sculpturing is formed from 
material (3, 4. 5) added to the stent surface (2). 

6. A stent according to Claim 5. characterised in that 
the said material {3, 4, 5) is identical to the material 
forming the body of the stent (1). 

7. A stent according to Claim 5, characterised in that 
the said material (3, 4, 5) is different from the mate- 
rial forming the body of the stent (1). 

8. A stent according to any of Claims 5 to 7. character- 
ised in that the said added material (3, 4, 5) is a 
metal. 
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9. 



A stent according to any of ClaimsSto 8, character- 
ised in that the said added material is in the form of 
microspheres. 
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10. A stent according to any of Claims 5 to 8, character- 
ised in that the said added material is in the form of 
granules (4) 

1 1 . A stent according to any of Claims 5 to 8, character- s 
ised in that the said added material is deposited in 
the form of accretions (5). 

12. A stent according to Claim 1 1, characterised in that 
the said accretions (5) are deposited using a w 
method chosen from the group comprising sputter- 

ing and plasma-spray. 
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1 3. A stent according to any of Claims 1 to 4, character- 
ised in that the said sculpturing is constituted by for- is 
mations (6. 7, 8) on the surface (2) of the spent (1 ) 
itself. 

14. A stent according to any of Claims 1 to 4, character- 
ised by being constituted, in at least one part corre- 20 
sponding to said surface sculpuring (3. 4), by a 
sintered body. 

15. A method tor producing stents for angioplasty com- 
prising a body (1) of a generally tubular shape hav- 
ing an inner surface and an outer surface (2), the 
said stent being capable of being dilated in use 
from a radially-contracted position to a radially- 
expanded position, characterised in that it includes 

an operation for forming a surface sculpturing (3. 4, 30 
5. 6, 7, 8) on at least part of the said outer surface 
(2). 

16. A method according to Claim 15. characterised in 
that the said sculpturing (3. 4, 5, 6. 7, 8) is only ss 
formed on the outer surface of the stent, the inner 
surface of the stent (1) being substantially smooth. 

17. A method according to Claim 15 or Claim 16. char- 
acterised in that it includes the operation of forming 4o 
a coating of biocompatible carbon material on at 
least the said inner surface. 

18. A method according to any of Claims 1 5 to 1 7, char- 
acterised in that the said sculpturing has a peak-to- 45 
trough depth of approximately 10-20 microns. 

1 9. A method according to any of Claims 1 5 to 18, char- 
acterised in that it includes the operation of forming 

the said sculpturing by adding material (3. 4, 5) to so 
the surface (2) of the stent. 

20. A method according to Claim 19. characterised in 
that the said added material (3, 4. 5) is identical to 
the material forming the body of the stent (1) itself, ss 

21. A method according to Claim 19. characterised in 
that the said added material (3, 4, 5) is different 



from the material forming the body of the stent /D 
itself. 1 ' 

22. Amethodaccordingtoanyof Claims 19to21. char- 
acterised in that the said added material is a metal. 

23. A method according to any of Claims 1 5 to 22, char- 
acterised in that the said material is added in the 
form of microspheres (3). preferably using a partial 
melting technique. 

24. A method according to any of Claims 1 9 to 22, char- 
acterised in that the said material is added in the 
form of granules (4). 

25. A method according to any of Claims 1 9 to 22, char- 
acterised in that the said material is added in the 
form of accretions (5). 

26. A method according to Claim 25. characterised in 
that the said accretions (5) are deposited using a 
method chosen from the group comprising sputter- 
ing and plasma-spray. 



A method according to any of Claims 15 to 18, char- 
acterised in that the said sculpturing is formed by 
creating formations (6, 7. 8) on the surface (2) of 
the stent (1) itself. 



2a A method according to Claim 27, characterised in 
that the formations (6. 7, 8) are formed using a 
method chosen from the group comprising: sand- 
blasting, shot-Wasting, scoring, incision, knurling, 
chemical attack, photoincision. 

29. AmethodaccordirHJtoartyofO 

acterised in that at least one part of the stent corre- 
sponding to said surface sculpturing (3. 4) is 
realized by sintering. 
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